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Yerba-mate  (Ilex paraguariensis  A.  St. Hil.,  Aquifoliaceae)  is  a South  American  native  species  that  is widely
used for  its industrial  potential  in  the  preparation  of  drinks,  teas and cosmetics.  Its properties  are  directly
related  to the  presence  of its chemical  constituents,  such  as  saponins,  methylxanthines  and  phenolic
compounds.  This  study  aimed  to  investigate  the  inﬂuence  of  leaf  age  on methylxanthine  and  total  phe-
nolic  contents  by High Performance  Liquid  Chromatography  and  Ultraviolet  Spectroscopy,  as well  as  on
free  radical  scavenging  capacity,  of aqueous  extracts  of  I.  paraguariensis  leaves.  The results  showed  greatethylxanthines
henolics
geing
cavenging
variability  in all the metabolites  measured.  Leaf  ageing  signiﬁcantly  increased  the  methylxanthine  con-
tent  and  total  phenolic  content  of  the  extracts.  Free  radical  scavenging  capacity  was  also  signiﬁcantly
affected  (p < 0.05)  by  leaf  age.  A positive  correlation  was  observed,  between  the  antioxidant  activity  and
total phenolic  content.
©  2014 Sociedade  Brasileira  de  Farmacognosia.  Published  by Elsevier  Editora  Ltda.  All  rights  reserved.ntroduction
Ilex paraguariensis A. St. Hil., Aquifoliaceae, is a South American
ative perennial tree that is popularly known as “yerba-mate” or
mate”. It is one of the most popular and widely-consumed bever-
ges in southern Brazil, Argentina, Paraguay, and Uruguay, where
t is used as a decoction or infusion. Mate is used for its central ner-
ous system stimulant properties, which are due to the presence
f the methylxanthines caffeine and theobromine (Blumenthal and
rinckmann, 2000; Dermarderosian, 2001; Filip et al., 1998). Addi-
ionally, yerba-mate is also considered a functional food, because
f its nutritional and medicinal properties, such as hypocholes-
erolemic, hepatoprotective, diuretic, and antioxidant properties
Bixby et al., 2005; Filip et al., 2000; Gugliucci and Stahl, 1995; Heck
nd De Mejia, 2007; Rivelli et al., 2007; Valerga et al., 2012), which
an protect against the harmful effect of free radicals, thereby
ncreasing the defense system of the organism. It can also help
revent atherosclerosis and coronary heart disease (Heck and De
ejia, 2007; Miranda et al., 2008; Puangpraphant and de Mejia,
009; Boaventura et al., 2012).
∗ Corresponding author.
E-mail: freginatto@pq.cnpq.br (F.H. Reginatto).
http://dx.doi.org/10.1016/j.bjp.2015.01.002
102-695X/© 2014 Sociedade Brasileira de Farmacognosia. Published by Elsevier EditoraThese health beneﬁts have been attributed to phenolic
compounds, which are major constituents of I. paraguariensis
(Heck and De Mejia, 2007). The main polyphenols present in
“mate” are caffeoyl derivatives (chlorogenic, 3,5-dicaffeoylquinic,
4,5-dicaffeoylquinic and 3,4-dicaffeoylquinic acids), and caffeic
acid. Moreover, yerba-mate also contains high methylxanthines,
saponins, and a minor content of ﬂavonoids, such as quercetin, rutin
and kaempferol (De Souza et al., 2011; Coelho et al., 2010; Filip et al.,
2001; Reginatto et al., 1999; Gosmann et al., 1995).
It is widely known in natural product chemistry that the growth
conditions play a role in the production of phytochemicals in the
plant (Gobbo-Neto and Lopes, 2007; Meyer et al., 2006). In regard to
age of the leaves, there have been few reports showing its inﬂuence
on metabolite content. Such as Esmelindro et al. (2004) showed
that young leaves of I. paraguariensis contain a high production
of methylxanthines, and Dartora et al. (2011) reported no signif-
icant differences between phenolic and methylxanthine contents
in leaves at 1 and 6 months of growth. In addition, these reports
suggest that intrapopulation genetic conditions, such as age of the
leaves, play an important role in the distribution of these com-
pounds in I. paraguariensis.  Finally, knowledge about this chemical
composition is important for our understanding of the changes in
potential biological activities of I. paraguariensis.  The present work
therefore assesses the inﬂuence of leaf age on the phytochemical
 Ltda. All rights reserved.
2 sileira
c
a
M
P
a
S
s
p
l
m
t
(
f
t
E
B
o
t
H
e
m
D
p
a
o
m
E
a
v
T
t
w
P
U
o
i
A
T
Q
s
t
f
t
a
T
f
i
(
s
1
f
r
f C.H. Blum-Silva et al. / Revista Bra
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ctivity.
aterials and methods
lant material
The leaves of 11 trees of I. paraguariensis A. St. Hil., Aquifoli-
ceae, from a native population were collected at Chapecó, in the
tate of Santa Catarina, Brazil (27◦08′48′′ S; 52◦37′01′′ W).  The plant
amples were cultivated under natural sunlight conditions. The
lant material (RSPF 11074) was harvested in October 2010 and the
eaves were separated according to age, as deﬁned by embranch-
ent; leaves at one month (ﬁrst to third leaf pairs from the branch
ips), at two months (forth to eighth leaf pairs) and at six months
ninth to ﬁfteenth leaf pairs). All the samples were immediately
rozen, lyophilized, crushed separately, and stored at −20 ◦C until
ested.
xtraction
The extracts of each sample were prepared by aqueous infusion.
rieﬂy, ﬁve grams of each dried leaf sample was mixed with 100 ml
f distilled water (90 ± 2 ◦C) for 20 min. The extracts were ﬁltered,
he volumes adjusted to 100 ml  with water, and the samples frozen.
PLC-DAD analysis of methylxanthines
The quantitative analyses of caffeine and theobromine in the
xtracts were carried out in a PerkinElmer Series 200 High Perfor-
ance Liquid Chromatography (HPLC) equipped with a Diode Array
etector (DAD), quaternary pump, online degasser and autosam-
ler. Chromera® Workstation software was used for the data
cquisition. The injection volume was 20 l and the baseline res-
lution was obtained at room temperature (24 ± 2 ◦C). For the
ethylxanthine analysis, separation was performed on a Perkin
lmer Brownlee Choice C8 column (150 mm × 4.6 mm i.d.; 5 m)
nd a mixture of methanol/ammonium hydroxide 0.2% (20:80
/v) as the mobile phase, with constant ﬂow rate at 0.9 ml  min−1.
he mobile phase was prepared daily and degassed by sonica-
ion before use. The chromatograms were recorded at 280 nm,
hile the UV spectra were monitored over a range of 200–450 nm.
eaks were characterized by comparing the retention time and
V spectra with the reference standards, and by co-injection
f the authentic samples. The standard solutions were prepared
n different ranges: 0.625–400 g ml−1 for the caffeine (Sigma-
ldrich®) and 0.3125–75 g ml−1 for the theobromine (Fluka®).
he extracts were analyzed at a concentration of 2.00 mg  ml−1.
uantiﬁcation of caffeine and theobromine was performed using
even-point regression curves (r2 > 0.999). The regression equa-
ions were “y = 16478x + 11339” for caffeine and “y = 26525x  + 1930”
or the theobromine. All analyses were performed in triplicate, and
he peak average areas were measured. The results were expressed
s milligrams of compound per g of extract (mg  compound g−1 E).
otal phenolic content
The determination of total phenolic content (TPC) was  per-
ormed as described by Medina (2011a,b) based on the direct
nteractions of polyphenols with Fast Blue BB diazonium salt
Sigma-Aldrich®). Seven chlorogenic acid (Fluka®) calibration
tandard points (r2 = 0.999) were prepared within the range of
0–150 g ml−1 in distilled water and 1.0 ml  of each was trans-
erred to a borosilicate tube. A 0.1 ml  aliquot of 0.1% Fast Blue BB
eagent was added to all the chlorogenic acid standard tubes, mixed
or 1 min, and then 0.1 ml  5% NaOH was added. The reaction was de Farmacognosia 25 (2015) 1–6
allowed to complete at room temperature (24 ± 2 ◦C) for 90 min
and the optical density was measured at 420 nm. The TPC of the I.
paraguariensis extracts were determined as described above, except
that each sample was  analyzed with a blank containing only the
sample, to measure natural non-phenolic interferences at 420 nm.
The results were expressed as milligrams of chlorogenic acid equiv-
alents per g of extract (mg  CA g−1 E).
Free radical scavenging capacity
The free radical scavenging capacity was determined as pre-
viously described Brandwilliams et al. (1995). Brieﬂy, 0.1 ml  of
each sample extract at four different concentrations was added to
3.9 ml  of a methanolic solution of 2,2-diphenyl-1-picrylhydrazyl
[DPPH (60 M)]. The absorbances were measured at 515 nm
(Lambda25 UV/Vis, PerkinElmer®). The percentage of remaining
DPPH (Sigma-Aldrich®) was  calculated and plotted against the
sample concentration, in order to obtain the EC50, which was
deﬁned as the amount of antioxidant necessary to decrease the
initial DPPH concentration by 50%. Chlorogenic acid was  used as
positive control.
Validation of HPLC-DAD analysis of methylxanthines
The analytical procedures were validated according to Cass and
Degani (2001) and the ICH guidelines (ICH). The validated param-
eters were speciﬁcity, linearity, accuracy, precision (repeatability
and intermediate precision), limit of quantiﬁcation (LOQ) and limit
of optical detection (LOD).
Data analysis
Data were expressed as mean values ± S.E.M. from three inde-
pendent measurements. For the determination of EC50 values,
linear regressions of concentration–response curves were used.
Differences between treatments were compared by ANOVA analy-
sis of variance followed by Tukey’s test adopting  ˛ = 0.05.
Results and discussion
Validation of HPLC-DAD analysis of methylxanthines
The analytical curves of both authentic standards showed
good linearity (r2 > 0.999). Linear regression equation for the
calibration curve were “y = 16482x + 10373” for caffeine and
“y = 26495x + 2422.7” for theobromine (Fig. 1).
The observed values of validation parameters are summarized
in Table 1.
The HPLC-DAD quantiﬁcations showed good linear relationships
between peak area and concentration (r2 > 0.999) for all standard
solutions in both methods. The limit of quantiﬁcation (LOQ) and
limit of detection (LOD) were deﬁned by relative standard devia-
tion (RSD < 5%) and by a signal:noise ratio of 3:1, respectively. The
precision was determined by repeatability (intra-day assay) and
intermediate precision (inter-day assay) (Cass and Degani, 2001;
ICH, 2005). The intra-day assay was  performed by triplicate anal-
ysis of three different concentrations of standard solutions, and
expressed as relative standard deviation. Good repeatability was
obtained from lower, medium and higher concentrations of the
curve, with an RSD ≤ 3.96% for all standard analyses. The inter-day
assay was determined by the analysis of a medium concentration in
the curve, three times a day, on three different days. As in repeat-
ability, the intermediate precision RSD value did not exceed the
limits recommended in the literature (Cass and Degani, 2001; ICH,
2005). In relation to accuracy, good recovery was observed in the
extract for all the standards.
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Fig. 1. CLAE-DAD calibration curves for caffeine (A) and theobromine (B).
Table 1
Validated analytical parameters for the HPLC-DAD quantiﬁcation of caffeine and theobromine in aqueous infusions of Ilex paraguariensis.
Compound Precisiona Accuracyb (recovery) LOQc (g ml−1) LODc (g ml−1)
Repeatability Intermediate precision
Mean (g ml−1) R.S.D. (%) Mean (g ml−1) R.S.D. (%) Mean (%) R.S.D. (%)
Caffeine
0.625 3.96
100.00 1.52 99.8 1.74 0.10100.00 0.97 0.625
400.00  1.35
Theobromine
0.3125 4.08
15.00 0.87 101.3 1.33 0.1015.00 1.26 0.3125
75.00  1.85
a
dard 
M
b
r
a
y
c
2
F
c
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F
cLimit: R.S.D. < 5%.
b Recovery was determined by injection of spiked samples, in triplicate, with stan
c LOQ = limit of quantiﬁcation; LOD = limit of detection.
ethylxanthines content
In the chromatographic analysis of methylxanthines, theo-
romine and caffeine presented retention times of 3.1 and 9.1 min,
espectively. Fig. 2 shows the methylxanthine chromatogram of
queous extract from I. paraguariensis leaves of sample 2. Theoph-
lline was not detected in any sample analyzed, a ﬁnding that is
orroborated by several studies in the literature (Athayde et al.,
000; Clifford and Ramirez-Martinez, 1990; Coelho et al., 2007;
ilip et al., 1998; Reginatto et al., 1999).The data analysis showed that there is great variability in
affeine and theobromine contents in this population of I. paraguar-
ensis. This is clearly showed by the variation in contents shown in
able 2.
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ig. 2. CLAE-DAD chromatogram of the sample 2 of I. paraguariensis leaves aqueous e
hromatographic conditions, see Section “Materials and methods”.solution.
Athayde et al. (2007) also observed signiﬁcant differences
in methylxanthine content among yerba-mate plants within
the same population, as well as between different populations.
In some cases, the caffeine content detected by the authors,
within the same plant population, was more than 100 times
higher.
The statistical analysis (Table 3) showed that leaf age has a
signiﬁcant inﬂuence on caffeine, theobromine and total methylx-
anthine contents of the extracts (p < 0.05). Analyzing the mean
caffeine content of the total set of samples, it is evident that there
is a tendency for total caffeine and methylxanthine production to
decrease over time. Theobromine does not follow exactly the same
pattern, as higher levels were found in the leaves at one and two
months.
2
5 250 275 300 325 350 375
 6 7 8 9 10
(min)
xtract (2.0 mg ml−1) with detection at 280 nm. 1. Theobromine; 2. Caffeine. For
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Table 2
Variation in contents of methylxanthines and total phenolics in aqueous extracts of Ilex paraguariensis leaves.
Age of leaves Extent of
variation
Caffeine* Theobromine* Methylxanthines* Total
phenolics**
1 month Minimum
Maximum
46.46 ± 0.15
133.98 ± 0.41
3.07 ± 0.01
24.93 ± 0.14
50.86 ± 0.16
137.05 ± 0.42
230.97 ± 7.78
437.81 ± 15.49
2  months Minimum
Maximum
38.76 ± 0.24
90.50 ± 0.12
5.80 ± 0.13
30.88 ± 0.13
44.73 ± 0.26
101.80 ± 0.17
172.32 ± 3.95
391.66 ± 0.99
6  months Minimum
Maximum
5.68 ± 0.08
81.57 ± 0.18
0.26 ± 0.01
14.25 ± 0.06
6.20 ± 0.09
84.49 ± 0.19
75.27 ± 5.54
257.22 ± 3.43
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i* Caffeine, theobromine and total methylxanthines contents were determined b
n  = 11).
** Total phenolic content was  determined by the Fast Blue BB method and the data
The higher caffeine levels in relation to theobromine could be
xplained by the biosynthesis pathway of these compounds. Theo-
romine is the direct precursor of caffeine biosynthesis by the
ethylation of xanthosine by S-adenosylmethionine (SAM) action
Kato et al., 2000; Ogawa et al., 2001; Uefuji et al., 2003). Although
his information has been obtained from coffee (Coffea arabica) and
ea (Camellia sinensis), the available evidence indicates that the
athway is essentially the same in other purine alkaloid-forming
lants, such as I. paraguariensis (Ashihara, 1993).
Caffeine catabolism usually begins with its conversion to the-
phylline. Theophylline is degraded to CO2 far more rapidly than
affeine, indicating that the conversion of caffeine to theophylline
s the major rate-limiting step of caffeine catabolism and the rea-
on why caffeine accumulates in high concentrations in tissues of
. sinensis and C. arabica (Ashihara et al., 1996; Ito et al., 1997).
There is only one published report, in which the purine alka-
oid biosynthesis of mate by different aged leaves was investigated.
oung leaves, but not mature dark-green leaves, incorporated each
recursor into theobromine and caffeine, and no signiﬁcant degra-
ation of caffeine was detected by Ashihara (1993). These results
re in agreement with the decrease in caffeine levels with ageing
etected by our research.
The inﬂuence of age and plant development on secondary
etabolite contents, and the relative proportions of these chem-
cal components, has been demonstrated by several authors for
ifferent plant species (Bowers and Stamp, 1993; Doan et al., 2004;
endriks et al., 1997; Höft et al., 1998). Hartmann (1996) states that
oung tissues generally have higher rates of metabolites’ biosyn-
hesis. Although the inﬂuence of leaf age has been described for
ther species, there is no general conclusion applicable to all plant
pecies. Also, there are insufﬁcient studies on this subject for I.
araguariensis. Notwithstanding, some authors have demonstrated
he inﬂuence of leaf age on mate. Mazzafera (1994) found higher
affeine contents in younger leaves, and Esmelindro et al. (2004)
ound a signiﬁcantly higher content of caffeine and theobromine in
eaves at six months than in older leaves. Recently, Dartora et al.
2011) evaluated the methylxanthine content in I. paraguarien-
is samples under different growth conditions, treatment and age.
heir results did not show signiﬁcant differences in methylxanthine
ontent in leaves between one and six months. Some studies with
erba-mate in the literature have evaluated the inﬂuence of har-
est time on methylxanthine content. Schubert et al. (2006) found
able 3
eaf age effects on the quantitative contents of caffeine, theobromine, methylxanthines a
Age of leaves Caffeine Theobromine 
1 month 75.63 ± 16.24a 9.22 ± 3.11a
2 months 60.19 ± 13.4a,b 12.4 ± 4.19a,b
6 months 31.94 ± 14.6 c 4.95 ± 2.85a,c
affeine, theobromine and total methylxanthine contents were determined by CLAE-DAD
otal  phenolics’ content was  determined by the Fast Blue BB method and the data are mea
ndicate signiﬁcant differences (ANOVA and Tukey’s post test, p < 0.05).E-DAD and the data are mean ± S.D. values expressed as mg compound/g extract
ean ± S.D. values expressed as mg chlorogenic acid/g extract (n = 11).
higher methylxanthine content in the spring and early summer.
Similar results were obtained by Coelho et al. (2001) analyzing sam-
ples of I. paraguariensis collected in the State of Paraná, Brazil, in
two different periods. Coelho and Mariath (1996) found that the
main sprouting in I. paraguariensis occurs in late September and
October, and in some plants, sprouting can also occur between
February and March. The results obtained by Athayde et al. (2000),
Coelho et al. (2001) and Schubert et al. (2006) can be explained
partly by the age of the leaves, since experimental results indicate
that the biosynthesis of caffeine in Ilex only occurs in young leaves
(Ashihara, 1993). Thus, the high methylxanthine contents identi-
ﬁed in the summer can be attributed to the development of the
young leaves, while the results for late fall and winter may  indi-
cate older, more mature leaves with low biosynthetic activity. The
data (Table 3) presented in our study conﬁrm this theory, since
the caffeine and total methylxanthine contents showed a signiﬁ-
cant decrease with ageing of the leaves. Thus, the age of leaves may
affect the characteristics of the raw material and therefore, their
processed products.
Total phenolic content
The obtained results showed a high concentration of pheno-
lic compounds in the samples of yerba-mate, corroborating the
numerous literature data that report high levels of these com-
pounds, mainly caffeoylquinic derivatives. Filip et al. (2001) found
higher levels of these phenolic compounds in I. paraguariensis,
when compared to the other seven Ilex species, detecting a con-
centration of 9.6% phenol derivatives on dry extract and 0.06%
ﬂavonoids. Marques and Farah (2009) described that yerba-mate
contains, on average, 55% caffeoylquinic derivatives in green leaves
and 73% in toasted leaves. Additionally, Bracesco et al. (2003) found
that phenolic compounds are three times higher than the content
of these compounds in green tea. When evaluating the mean of all
the samples (Table 3), it was noted that there is a decrease in the
production of phenolic compounds over time, since the contents
are higher in leaves at one month, intermediate at two  months and
lower at six months. Thus, the age of the leaves has a signiﬁcant
inﬂuence in TPC. However, Dartora et al. (2011) revealed no signif-
icant differences in levels of phenolic compounds comparing leaves
at one and six months.
nd total phenolics in the aqueous extracts of Ilex paraguariensis leaves.
Methylxanthines Total phenolics
84.85 ± 27.49a 286.7 ± 46.1a
72.6 ± 20.14a,b 252.6 ± 50.85a,b
36.89 ± 16.52c 166.6 ± 35.13c
 and the data are mean ± S.D. values expressed as mg compound/g extract (n = 11).
n ± S.D. values expressed as mg chlorogenic acid/g extract (n = 11). Different letters
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Fig. 3. Leaf age effects on the free radical scavenging capacity of Ilex paraguariensis
aqueous extracts. The EC50 were determined by the DPPH method and the values
are  mean ± S.D. expressed as g extract/g DPPH (n = 11). Different letters indicate
signiﬁcant differences (ANOVA and Tukey’s post test, p < 0.05).
Table 4
Correlation analysis.
Correlation r2 value p value
TPC* × EC50**(all samples)a 0.2720 0.0019
TPC* × EC50**(by leaf age groups)b 0.9246 0.0022
Caffeine*** × EC50** (all samples)a 0.2728 0.0018
Caffeine*** × EC50** (by leaf age groups)b 0.8885 0.0048
Caffeine*** × TPC* (all samples)a 0.1978 0.0095
Caffeine*** × TPC* (by leaf age groups)b 0.9529 0.0008
a Correlation of all samples individually considered.
b Correlation of the mean of each leaf age group.
* Total phenolic content was determined by the Fast Blue BB method.
** The free radical scavenging capacity (EC50) of Ilex paraguariensis aqueous
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*** Caffeine content was  determined by CLAE-DAD. More details: see Section “Mate-
ials and methods”.
ree radical scavenging capacity
It was observed that leaf age signiﬁcantly affects the ability to
cavenge free radicals, and there is a signiﬁcant decrease in this
apacity over time (Fig. 3). It is possible to observe an inverse cor-
elation between TPC and EC50 values (Table 4), because the higher
he concentration of phenolic compounds, the lower the amount of
xtract required to reduce the DPPH.
The potent antioxidant activity of yerba-mate extracts has
een demonstrated by several authors, as well as their correlation
ith phenolic compounds. Using different free radical generators,
chinella et al. (2000) concluded that the aqueous extract of I.
aragariensis was able to inhibit lipid peroxidation in enzymatic
nd nonenzymatic rat liver microsomes in a dose-dependent man-
er. The extract exhibited radical scavenging properties in relation
o the superoxide anion and DPPH radical. Using the same DPPH
ethodology, Bixby et al. (2005) found a direct positive correlation
etween antioxidant activity and phenolic compounds, with the
ighest activity being obtained for the aqueous extracts of yerba-
ate compared to green tea and black tea (C. sinensis (L.) Kuntze),
arcela (Achyrocline satureioides (Lam.) DC.) and some types of
ed and white wines. Grujic et al. (2012) also found a correlation
etween the DPPH free radical scavenging activity and the total
henolic compounds of mate tea. Likewise, Bassani et al. (2014)
howed that the total content of phenolic compounds was  signiﬁ-
antly correlated with the free radical scavenging activity towards
PPH radicals.
Anesini et al. (2012) demonstrated that chlorogenic and caf-
eic acids and the ﬂavonoid rutin present in aqueous extracts of I.de Farmacognosia 25 (2015) 1–6 5
paraguariensis samples contribute directly to the antioxidant activ-
ity detected, by preventing lipid peroxidation. Oxidation of low
density lipoprotein (LDL) induced by free radicals, for example,
plays an important role in atherosclerosis. In this context, aque-
ous extracts of I. paraguariensis have demonstrated the ability to
inhibit LDL oxidation, thereby inhibiting lipid peroxidation, and
hence the oxidation of DNA (Bracesco et al., 2011; Gugliucci, 1996;
Gugliucci and Stahl, 1995). Anesini et al. (2012) also found that the
methylxanthine caffeine has no free radical scavenging activity, and
induces lipid peroxidation of linoleic acid, acting as a pro-oxidant
compound.
Although DPPH free radical scavenging capacity of isolated caf-
feine was not tested in our study, our data revealed a signiﬁcant and
direct correlation between the detected caffeine and the antiox-
idant activities (Table 4). This correlation can be explained by
TPC, which is directly correlated with the caffeine contents. There-
fore, the detected activity is probably associated with phenolic
compounds and not with caffeine. The prevention of lipid peroxi-
dation, in which caffeine is identiﬁed as a pro-oxidant compound,
remains unexplained in our work, since the antioxidant activity
has not been evaluated by the ferric thiocyanate method, but by
the DPPH method. Thus, we cannot say what is the role of caf-
feine present in the samples evaluated in the prevention of lipid
peroxidation.
From the point of view of chemical ecology, it is interesting
to evaluate the individuals in their entirety, in order to better
understand how plants individually respond to these factors. In
this approach, a signiﬁcant correlation is observed in Table 4, but
with a low coefﬁcient of linear correlation. On the other hand, from
the pharmaceutical and industrial point of view, it is necessary to
have an approach that takes into account the consistency of the
raw plant material to be used in the preparation of food prod-
ucts, intermediate pharmaceutical forms and cosmetics properties.
Therefore, when plants are grouped by leaf age, this correlation is
shown to be as effective as the previous approach, but more linear
(Table 4).
In summary, leaf age showed a signiﬁcant inﬂuence on methylx-
anthines and total phenolic contents of the evaluated extracts, with
a decrease in these contents over time. Additionally, the free radi-
cal scavenging capacity was  also signiﬁcantly affected by leaf age,
with a direct positive correlation between antioxidant activity and
total phenolic content.
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